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ABSTRACT 

Two cervical vertebrae from the Kem Kem beds of Morocco have been referred to “Bone 
‘Taxon’ B,” representing a small theropod of indeterminate affinity. Reexamination of the 
vertebrae indicates that they are both probably from immature individuals and cannot be reliably 
referred to the same taxon; neither conclusively represents a small, adult theropod dinosaur. CMN 

50810 has one apomorphic character, but it can only be referred to Saurischia incertae sedis. CMN 

50811 is reinterpreted as representing an abelisauroid theropod, possibly a noasaurid. 


Introduction 

The early Cenomanian Kem Kem beds of southeastern 
Morocco have produced a famously diverse assemblage of 
large-bodied theropod dinosaurs (Russell, 1996; Sereno et al., 
1996; McGowan and Dyke, 2009), but smaller theropod material 
is comparatively poorly known. Russell (1996) briefly described 
two cervical vertebrae as “Bone Taxon’ B,” hypothesized to 
represent a “small theropod” of indeterminate affinity. This 
material is reevaluated here. 

Description 

CMN 50810 

CMN (Canadian Museum of Nature, formerly NMC) 50810 
(Figure 1) is an axis missing the odontoid, axial intercentrum, and 
both postzygapophyses. The centrum is elongate (length >2.5 
times height) and does not have a ventral keel. Its posterior 
articular surface is concave. A large, flat parapophysis is 
preserved on the right side. Pneumatic foramina are positioned 
on the anterior half of the centrum, and the foramen on the left 
side is split by a lamina. The interior pneumatic architecture of the 
centrum is camerate. The round prezygapophyses face dorsolat- 
erally above the neural canal. A pair of tablike processes project 
anteriorly in front of the prezygapophyses. Pendant diapophyses 
and postzygoaiapophyseal laminae are present. The neural spine 
is low and transversely narrow, without a spine table. A large 
spinopostzygapophyseal fossa occurs ventral to the neural spine 
posteriorly. There is no hyposphene. 

Russell (1996:376) concluded from the closure of the neuro¬ 
central sutures that CMN 50810 represents a small-bodied 
theropod taxon, but Fowler et al. (2011) considered neurocentral 
closure to be an inconsistent and unreliable indicator of maturity 
in theropods. The neurocentral sutures of CMN 50810, though 
firmly attached, are readily discernible and thus not fully closed 
(Brochu, 1996). Although the anterior end of the axis is damaged, 


the presence of an oval depression for the missing odontoid 
indicates that this element had not fused to the axis. CMN 50810 
is here reinterpreted as an immature specimen representing a 
taxon of unknown adult size. Comparisons to published 
measurements of well-known theropods suggest a total body 
length of approximately 4 rn at the time of death. 

No characters were stated in the original description to justify 
the referral of CMN 50810 to Theropoda (Russell, 1996). 
Pneumatic cervical vertebrae are present in three groups of 
Cretaceous archosaurs: theropods, sauropods, and pterosaurs. 
CMN 50810 is unlikely to be a pterosaur because it has features 
not seen in other pterosaur axes (distinct parapophysis, pneumatic 
foramina of the centrum split by an accessory lamina), and lacks 
other features expected in a large Cretaceous pterosaur (post¬ 
exapophyses). A sauropod identity is more difficult to satisfac¬ 
torily reject, in part because sauropod axes are highly variable, yet 
little phylogenetic pattern has been recognized in this variation 
(Wilson and Mohabey, 2006:477). Most of the variable characters 
in sauropod cervical vertebrae listed by Wilson and Mohabey 
(2006:Table 3) parallel those observed in theropods. The early 
ontogeny of the sauropod axis is also poorly understood. The 
elongate axial centrum of CMN 50810 resembles the condition in 
many sauropods, in contrast to the typically compact theropod 
axis (excluding coelophysids, ornithomimids and therizinosaur- 
ids). However, none of the character states observed in CMN 
50810 are reported to occur exclusively in sauropods or 
theropods, so the most conservative referral pending further 
work is to Saurischia incertae sedis. 

If CMN 50810 is a theropod, the presence of a sheet-like neural 
spine that projects farther anteriorly than the prezygapophyses is 
a character of coelophysoids and ceratosaurs (Tykoski and Rowe, 
2004), while the relatively dorsal position of the prezygapophyses 
with respect to the neural canal is also indicative of a non- 
tetanuran affinity. Characters excluding CMN 50810 from 
Abelisauroidea include the absence of additional pairs of fossae 
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Figure 1 . CMN 50810, Saurischia indet., axis. A. dorsal, B, right lateral, C, ventral, D, anterior, E, left lateral, and F, posterior views. 
Scale bar: 1 cm. Abbreviations: up , tablike process anterior to prezygapophysis; d, diapophysis; o , oval depression for odontoid 
process; pa , parapophysis; pf\ pneumatic foramen; podl , postzygodiapophyseal lamina; pz , prezygapophysis; spof: 
spinopostzygapophyseal fossa. 


posteroventral to the postzygodiapophyseal laminae and posteri¬ 
or to the neural spine (O’Connor, 2007; Carrano et al., 2011). 
Elongate postaxial cervical centra are known in basal ceratosaurs 
(Carrano and Sampson, 2008), but no basal ceratosaur axis has 
been described. It is possible that CMN 50810 is a juvenile of the 
giant, gracile basal ceratosaur Deltadromeus , but this idea cannot 
be tested because CMN 50810 does not overlap with known 
material of that taxon (Sereno et al, 1996). 

Regardless of the true phylogenetic position of CMN 50810, 
the tablike processes anterior to the prezygapophyses are an 
autapomorphic feature of this specimen. 


CMN 50811 

CMN 50811 (Figure 2) is an hourglass-shaped cervical 
centrum. The anterior articular surface is flat and the posterior 
articular surface is concave. The ventral surface is flat along the 
midline and lacks a keel. The pneumatic foramina of the centrum 
are expressed asymmetrically, with an anterior foramen present 
on both sides and a posterior foramen present on the left side 
only. The rugose neurocentral suture was completely open. No 
foramina are present in the neural canal. 

This specimen was included in CMN (NMC) 50810 by Russell 
(1996:377), but there is no evidence that it represents the same 
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Figure 2. CMN 50811, Abelisauroidea indet., posterior cervical centrum. A, dorsal, B, dorsal, C, anterior, D, posterior, E, left lateral, 
and F, right lateral views. Scale bar: 1 cm. Abbreviations as in Figure 1. 


individual. The presence of separate anterior and posterior 
pneumatic foramina on the left side identifies CMN 50811 as a 
ceratosaur (Tykoski and Rowe, 2004). The overall morphology and 
size of the specimen is consistent with representing an individual of 
Abelisauroidea, a ceratosaurian clade previously recognized in the 
Rem Kem beds on the basis of skull material (Russell, 1996; Mahler, 
2005). Russell (1996:377) referred to CMN 50811 as belonging to the 
mid-cervical region, but it more closely resembles the most posterior 
cervical vertebrae of other abelisauroids in the completely flat 
anterior surface and lack of dorsoventral offset between anterior and 


posterior articulations (O'Connor, 2007; Carrano et al, 2011). The 
modestly elongate shape of the centrum resembles noasaurids such 
as Lcievisuchus (Novas et al., 2004) and Mcisiakasaurus (Carrano et 
al., 2011). CMN 50811 has no recognized autapomorphies, and like 
other described Kem Kem abelisauroid material it is here considered 
indeterminate at the generic level. 

Discussion 

The specimens originally described as “Bone ‘Taxon* B” 
(Russell, 1996) are not supported as a single taxon, nor as 
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definitive evidence of a small-bodied adult theropod in the Kcm 
Kem assemblage. The axis CMN 50810 is interpreted as 
autapomorphic, but likely immature ( contra Russell, 1996), and 
insufficient evidence was found to conclusively decide between a 
theropod {basal ceratosaur) or sauropod affinity for this 
specimen. The centrum CMN 50811 is reinterpreted as represent¬ 
ing a posterior cervical vertebra of a skeletally immature 
abelisauroid theropod, possibly a noasaurid. 

Other small theropod bones described by Russell (1996) may be 
uncertain indicators of total body size (distal humerus. Bone 
'Taxon' 1 H), or were interpreted as the immature form of a larger 
taxon (femur, Bone “Taxon 11 M). A small dorsal vertebra 
described as avialan by Riff et al. (2004) was considered 
comparable to Rahonavis , a taxon variously assigned to Dro- 
maeosauridae (Turner et al., 2012) or basal Avialae (Agnolin and 
Novas, 2011). Rauhut et al. (2012) recently suggested that some 
isolated teeth referred to Dromaeosauridae, such as those 
described from the Kem Kem beds (Amiot et al., 2004; Richter 
et al., in press), may instead belong to immature individuals of 
large-bodied basal tetanurans. The supposed small or medium¬ 
sized Kem Kem theropod “ Kemkemia audit or ei 11 (Cau and 
Maganuco, 2009) has been recently reidentified as a crocodyli- 
form (Lio et al., 2012). With the reinterpretation of “Bone 
Taxon 1 B,” it is possible that no unquestionable material of a 
small-bodied adult non-avialan theropod has yet been described 
from the Kem Kem beds. 

Acknowledgements 

I thank Michael Ryan for encouraging this project and inviting 
the contribution to this volume, Kieran Shepherd and Margaret 
Currie of the Canadian Museum of Nature for access to the 
material, and Matthew Carrano and Matt Lamanna for reviewing 
the manuscript. 

References 

Agnolin, F. L., and F. E. Novas. 2011. Unenlagiid theropods: Are 
they members of Dromaeosauridae (Theropoda, Manirap- 
tora)? Anais da Academia Brasileira de Ciencias, 83:117-162. 

Amiot, R., E. Buffetaut, H. Tong, L. Boudad, and L. Kabiri. 
2004. Isolated theropod teeth from the Cenomanian of 
Moroceo and their palaeobiogeographical significance. Revue 
de Paleobiologie, Geneve Vol. spec., 9:143 149. 

Brochu, C. A. 1996. Closure of neurocentral sutures during 
crocodilian ontogeny: implications for maturity assessment 
in fossil archosaurs. Journal of Vertebrate Paleontology, 
16:49-62. 

Carrano, M. T., and S. D. Sampson. 2008. The phylogeny of 
Ceratosauria (Dinosauria: Theropoda). Journal of Systematic 
Palaeontology, 6:183-236. 

Carrano, M. T., M. A. Loewen, and J. J. W. Sertich. 2011. New 
materials of Masiakasaurus knopfleri Sampson, Carrano, and 
Forster, 2001, and implications for the morphology of the 
Noasauridae. Smithsonian Contributions to Paleobiology, 
95:1 53. 

Cau, A., and S. Maganuco. 2009. A new theropod dinosaur, 
represented by a single unusual caudal vertebra, from the Kem 
Kem Beds (Cretaceous) of Morocco. Atti della Societa Italiana 


di Scienze Naturali e del Museo Civico di Storia Naturale di 
Milano, 150:239-257. 

Fowler, D. W., H. N. Woodward, E. A. Freedman, P. L. Larson, 
and J. R. Horner. 2011. Reanalysis of “Raptorex kriegsteiui": 
a juvenile tyrannosaurid dinosaur from Mongolia. PLoS ONE, 
6:e21376, 1- 7. 

Lio, G., F. Agnolin, A. Cau, and S. Maganuco. 2012. Crocodyli- 
form affinities for Kemkemia auditorei Cau and Maganuco, 
2009, from the Late Cretaceous of Morocco. Atti della Societa 
Italiana di Scienze Naturali e del Museo di Storia Naturale di 
Milano, 153:119 126. 

Mahler. L. 2005. Record of Abelisauridae (Dinosauria: Ther¬ 
opoda) from the Cenomanian of Morocco. Journal of 
Vertebrate Paleontology, 25:236-239. 

McGowan, A. J., and G. D. Dyke. 2009. A surfeit of theropods in 
the Moroccan Late Cretaceous? Comparing diversity estimates 
from field data and fossil shops. Geology, 37:843 846. 

Novas, F. E., F. L. Agnolin, and S. Bandyopadhyay. 2004. 
Cretaceous theropods from India: A review of specimens 
described by Huene and Matley (1933). Revista del Museo 
Argentino de Ciencias Naturales n.s., 6:67-103. 

O’Connor, P. M. 2007. The postcranial axial skeleton of 
Majwigasaiirus crenatissimus (Theropoda: Abelisauridae) from 
the Late Cretaceous of Madagascar. Society of Vertebrate 
Paleontology Memoir, 8:127-162. 

Rauhut, O. W. M., C. Foth, H. Tischlinger, and M. A. Norell. 
2012. Exceptionally preserved juvenile megalosauroid thero¬ 
pod dinosaur with filamentous integument from the Late 
Jurassic of Germany. Proceedings of the National Academy of 
Sciences, 109:11746- 11751. 

Richter, U., A. Mudroch, and L. G. Buekley. In press. Isolated 
theropod teeth from the Kem Kem Beds (Early Cenomanian) 
near Taouz, Morocco. Palaontologische Zeitschrift. DO I 
10.1007/s 12542-012-0153-1:1 19. 

Riff, D., B. Mader, A. W. A. Kellner, and D. A. Russell. 2004. An 
avian vertebra from the continental Cretaceous of Morocco, 
Africa. Arquivos do Museo Nacional, Rio de Janeiro, 
62:217 223. 

Russell, D. A. 1996. Isolated dinosaur bones from the Middle 
Cretaceous of the Tafilalt, Morocco. Bulletin du Museum 
national d’Histoire naturelle, Paris, 4e ser., 18:349-402. 

Sereno, P. C., D. B. Dutheil, M. Iarochene, H. C. E. Larsson, G. 
H. Lyon, P. M. Magwene, C. A. Sidor, D. J. Varricchio, and J. 
A. Wilson. 1996. Predatory dinosaurs from the Sahara and 
Late Cretaceous faunal differentiation. Science, 272: 
986-991. 

Turner, A. H., P. J. Makovicky, and M. A. Norell. 2012. A review 
of dromaeosaurid systematics and paravian phylogeny. 
Bulletin of the American Museum of Natural History, 
371:1 206. 

Tykoski, R. S., and T. Rowe. 2004. Ceratosauria, p. 47-70. In 
Weishampel, B., Dodson, P., and Osmolska, H. (eds.) The 
Dinosauria, Second Edition. University of California Press, 
Berkeley. 

Wilson, J. A., and D. M. Mohabey. 2006. A titanosauriform 
(Dinosauria: Sauropoda) axis from the Lameta Formation 
(Upper Cretaceous: Maastrichtian) of Nand, Central India. 
Journal of Vertebrate Paleontology, 26:471 479. 


